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RAPID VSWR MEASUREMENTS WITH THE 
ADMITTANCE METER 

Although the TYPE 1602B UHF Ad- 
&ta,nce Meter fs widely used for high- 
frequency impedance and admittance 
meaenu'ments, its possibilities for the 
rapid measurement of standing-wave 
ratio axe not so well recognized. With 
this instrument, VSWR can be calcu- 
lated from the values of conductance and 
mwpfance which are measwed di- 
mtIy, but the measurement can be 
greatly simplified when VSmJR alone ia 
required, without phase information. 
Two approximately direc t-reading meth- 

& have been dweloped, one of which 
requh a mechanical movement of one 
Of the controls on the inatrumat while 
&e other u s a  only the meter reading on 
fhe detector as an indication of the 
WWR, The former method is exact for 
all values of VSWR, while the latter 
method is approximate and is limited to 
a VSWR range up to approximately 1.2. 
Both methods require a detector capable 
af giving an accurate measure of the 

relative output level, as, for imhce,  
one of the Type DNT Detectom 

The Admiittonee Meter 
In normal use the TYPE 1 m B  Ad- 

mittance Meter measures admittance or 
impedance in the frequency range be- 
tween 40 and 1500 Mc with a nominal 
accuracy of &3y0. It i~ direct reding 
in conductance and susceptmce (or r e  
&tame and reachae).'Figun: 1 shorn 
the scales and controls, Figure 2 the 
rear; Figure 3 is a schematic. Admittance 
measurements me made by a null method 
in which voltaga derived from the cur- 
rents in the standard conductan& arm 
and the standnxd suscephnce arm are 
balanced against a voltage derived from 
the current in the unknown rum. 

The coupling of each of the loops 
shown in Figure 3 can he varied by TO- 
tation of the loop. One of the coaxial 
lines is terminated in a conductance 
standard, which is a pure resishnce 

equal to the c h a r a c ~ t i c  impedance of 
the lime; one in a susceptance standard, 
which is a short-circuited length of c o d  
line; and one in the unknown circuit. 
The outputa of the three loops are cam- 
bined in parallel and, when the loop 
are properly oriental, the net output 
is zero. The device therefore balances 
in the m e  manner as a bridge. 

At balance the voltage indud in 
mch of the three loopa ia proportional 
ta the mutual inductance between each 
line and loop and to the current flowing 
in the corresponding line. Since all three 
linea are fed from a common m m ,  the 
input voltage is the same for each line, 
and the current flowing in each line is 
proportional to the input admitbnce. 

The loop m i a t e d  with the un- 
known admittance and the standard 
conductance can each be rotated through 
an angle of No, but the loop associated 
with the ~tmdard susceptance h ar- 
ranged to be rotatable through an angle 

1. Q w p  w l m  d L o  srolms and ronkodr of Flgwm 2 b vlm,  showing IdaMkdnm of Ibo Ftgwm 8. srhmdc mr d La A h h t a n u  Mdw, 
Mu Admknem M*. cwrkl Ilw abowhg Ifn funlonal arrangmmmt d l l n n  a d  

h o p .  . . 



of 1 ,SO", thus nllnwi t ~ g  t.hr r n c n s r l r c m ~ ~ ~ f  
of plsifil-~ 3s IVPII xs T I P P ~ ~ ~ \ - P  val i~rs  of 
unkt~onn susccptn~~cc with single s u s  

reptanre stnn(Iard. 
The cc>urluct,snce scale is irihtrrntly 

indeptndrnt nf f rrqucnry. Thc suscrgt- 
ancr standard is zl~rays adjustetl to pro- 
duce the ssrne mag~~itudc of susceptsnce 
ah each frequency. 

Adrnitfunce and Impedance Meusure- 
menfs 

The three loops are adjustdde by the 
nrms shorn  in Figure 3 nnd carry indi- 
cators ns shon-n in Figure 2 .  Thus  the 
admit t a n c ~  pammetcrs, Ci and fl, cnn be 
r~a r l  dirvctly from the  scale^. The scale 
for the loop in t h e  unlinou-n l i n ~  incli- 
rates the multiplying factor. IS n quarter- 
~vnvc line is inscrtcr1 I~cttvrm the in- 
strument nrlrl the  irnlino~\-n, the admit- 
tnnct! i s  in\-crterl. The millimho srnle 
ren~linqs are then propol-I ionnl to im- 
pedance nnd, when multipli~d by 2.5, 
tlicy inclicntc llle scsics resistnnce and 
rcact:tncc in ohms. 

VSWR Measurements by fhe Voltage- 
Ratio Method 

I'or I'S\\:11 mcnsurernentx, one simple 
method is based on n rnensuremcr~ t of t hc 
ratio of t l ~ c  output voltngcs ohtainerl at 
t.wo settings of an  inrlicntor arm. This 
mrt hot? is pnrticulnr.I?~ nt tr:ictive for 
rnwsurernents of the T.STFR of nntcnnn 
systcms and cornponcr~ts il l  ivbic:h t,hr 
YS1!\l'lt is not, grentcr than nl rout 10 lo 1. 

111 Illis rnrllioil t h r  50-ohm t,errnina- 
tion is inserted in place nf the suscept- 
anrbc stnrnlntd in the 13, line; the G3 line 
rrrnuins opm-circu i t rd  ; the unbioivn is 
connectrd to the YVz line. The cotirluct- 
RIICP indicator is set to zero, ~ 1 1 d  the 
multipIying. factor indicabr is s ~ t  to 1. 
T ~ P  ~*nt io of the orit,put rolt ,~gc, T7,, oh- 
t n i n ~ d  r r h ~ ~ i  the susceptnnre indicator 
is set to -20, to the output, IT,, ob- 
tninerl when the suscrptnr~ce is set to 
+20 is equal to the rnnpniturI~ of Z,hc rp- 
flcrtion co~fir icnt ,  I?, awl the YS'IVR 
r?ln hc drt~rmilicd ns ~FJII{JWS: 

TABLE 1 

VSWR 

If tllc \'S\\'lE is Itasa tli;lri 1.2, t l ic  follow- 
irla npprtrsirnntiun is \-:tli(l: 

The rnlr~ilntirrils ran IJP clinlil~atcd 
t hr.ourzIl thc use of 'T:~l>lr I ,  1vhic.h indi- 
( , : ~ 1 ( - +  thc vn111~ of T nrld 1-STI'R fnio 

1-1 
\.:trious I - ~ I I I P S  of - PS~II 'PBPC~I in rlrcibt~ls. 

I-? 
,, L ?e i -ol tn~c inrl~lrcrl in t h ~  slnsr~pt- 

:~r lpr .  Incq~ i~ propl rrt iolinl t,n t hr> r ~ ~ r r r n t  
il<~\\'illg in thth tr t .rnit~nt~d lint) nt~rl is, 

t hrar~fore. -I\'):, I V ~ P T I  f tlr i~tdiextnr is  

silt xt -20 and f I O ' ,  ~vlirbn thtb intli- 
~:itt>r is s(\t : ~ f ,  4-20, Tlir. vnltngr iu- 
cluccd in thr mult iplyi~lp fartor loop 
\\-htn the indirbstor is s r t  :it twit?- is K I-,. 
Thcrrtfore, the tntal vnl tng~,  IT1, at the 
clr t  r ~ t o r  whm the suscep t,anco indicator 
is sct at -20 is 

V1 = KY,- KYo 

and when the susceptnnce indicntor i s  
sct at -1-20, 

v, = rcr; +srro 
or 

arlc! thrrcforc in ttrrns of the rnagnitudcs 
alone. 

n ~ ~ i c l r  liirrnr r:trrjy (at kna t  50 dl> j nr13 n 
r~nlibmtrrl at tmuator, mw11 :hs IIIIC of tllr 

' l ' y p ~  DST D~t{vt i ) l s ,  i s  i i~i111irt~l. \ l ' i ~  !I 

t l t ~  'Ypl,c DST I h t ~ ~ + t o r s ,  t lbc l  t * : l l ~ r t a  ( I F  
1 - 1  - is  rrl~tainratl os t h r .  r l i l T ~ , r . c ~ r ~ c - t b  t,c.t\rcbrbri 
1-2 

tIrn clcvitjcl r rur l in~s.  

For m:lri~num nr.c.llrnrbr thc 1'S\'IrR ~rr 
l hr .il)-rd~~n tr,rnltnfiticln ([nit hl11ri1le2 hc, 
as 1'1osr to unity 3s IIOHH~IIII*.  If tlw t PY- 

~ninst  ion is pr*lfct.t. t hp 1 - ~ ~ 1 1 J t i l t ~  \'SlYl: 
error is Irss thnn nl~nut n.01 141 L o  500 
;1Ir n11rl 0.02 u3, t i )  IOOO ;\!r inr  I I ) ~ v  
I7S\\'R mngliii urlrs, 'l'llc prrfnrinnnrr 
vnr~ hr vll~rlictl Iry sulwt i t  t i t  inn nr nrl- 
of hct. In\v-\'SM'lt, .iO-ul~m t{~e'mi~i~tirtn 
for thv nnlinnu-n. 

Rapid VSWR Measurements, by a Direct 
Method 

For \*Sn'R rn~~asarrmr~nts r)n :L 1:lt-p 

numl~r r  ill' r>omponrnts n l  fl s~nglv Irv- 
cllirrlvy, I rr I hn n sin~;ltb r-c>nlponr.nl wl ~rbsr 

m n s i m ~ ~ r n  \-3lJ-li mint Y)r n~r':tstrrr.rl 
ovpr t l t ~  1vhnIr r.ni\jitt of sornr :itljtrst- 
m n ~ t ,  2s. for rsnmplr. nrl flt1jttstnt)lc- 
I ~ l ~ g t h  line, nn rv(*n rnrlro ~-: i l ) i t l  m11t.hnrl 
~ I I ~ I  t?mt I I T P Y ~ ~ I I ~ ~  I ImvriI ~ ( 1  ca:1ti IIV 
I I S P ~ .  This mdknll is ~ n l i t l  33 Icrnr :Ir thfe 
TTSII-R is IVSS t l t : \ ~ \  : ~ b \ t > ~ t  1.2 :~nd 1 7  

pnrticbnl:u.ly i~stlf~il for thr  (Ic*tcwninntin~~ 
of srr~nll s l n n t l i i ~ z - n . : ~ ~ ~  r:itios. Its 3iipl 

rrsollit ion pcirmit:: t hr mtsoatlrr!nrbnt o., 
'Z'S\VI?'s as l o ~ r  ns 1 .(HI?, 

For t h i s  nicns~~rernrnl thr Admit- 
tmsnccb Mtbt rr. i~ srt, 1171 3:: For ntlmit t:~ncnr 
mr: is~~~rn~r ,nts ,  \villi onr nf I hi& Typr 
]]ST Dvtr.r.f nrs, ~r i t l l  ~ h t .  st:i1ii1:trrl r.rln- 

dwta~~cbr ill t h r  fE  :irm, f i i l ( l  ivitll I hi* 
sta~ldnrrl s~lsrcptnnrr stul, sct for I lie 
opcr:it  in^ frcqucnry in t hr I1 arm. r i  low- 
VSWR, i50-oE~m terminat inn is phlgg4.rl 
into thr l~nl;liu~vi~ !Irm, :lntl t lip n l ~ t t r  is 
l~nlntirrd for n null with 1111. tl~ultiplicr 
set t*sartly at 1.2. 

The rntlltiljlirbr xrrn is thcn set nt 1.0. 
This nnhnlnncc is s(l~ii~:~Erllt to Ihn t  
pmrluc*rd by a YS\Vli of 1 .?2 i l l  t lw  lln- 
knnwn, Thv ~ c n r m t o r  outpui is then 
adjust,pd to proiIi~cr! a ~lctcvtor rpnding 
equal tn one of tile cajibrntion levrls on 
thc chart in Figure 4 (nvr ofTj. Thc 
multiplier is then rrturnrtl trr its 1.2 
reading, and adjrrstwl to prodnc~ n null 
hnlance. Thp uulr~orvu is then P F ~ I ~ R P ~  
illto the unlcnonn arm iar place of the 
50-ohm terminati~n ant! the metrr read- 
ing nt~trd, The corresponrtinq VSIIrR , - 
then rcnd from the chart of Figurc 4. 

Siarr no adLclju3tmmts nre requiretl 
n f t ~ r  t h~ instrum~i~t,  flits h ~ c n  cnlihrat~d, 



T'S'I'IrR rnra~s~~rcrncn ts ran 1 kc made on a 
l n ~ ~ t l  I I ~ ~ ~ I P I .  of ~ lcments  very rnpidly 
rnrrrly plugging thcln into th r  in- 

Figure 5, 
strurnrnt and n b s ~ v i n e  the rnrtcr indi- ~ h c  Adrnitttrnca Meter as sat . , 

b 
cation. Continunus mcnsuremcnts can up '- rdmi'tanca VSWA 

rnemaurements, with 
also be made of thr YSIYR of cornno- ~ y p e  1 209-B Unit Oseillmtar 

n~11ts as t h ~ y  are ecljustcd. 
The acclrrncy of t,he ncthod at I F e q r  

low values of 1'SJI?i is primarily dcter- 
minccl hy thc VSWlt of the 50-ohm tcr- 
rninfltiori unit, usrd to srt up  thc instru- 
mmt. The rcsiduol VSITR rnn as 
Iargc fis tn-ice t h e  T'SU-R of tltis trr- 
milintion. The nccurncy of tI1t1 mrthoJ 
R ~ S O  r1tlrrms.r~ ar Ifit-gc ~ : t l r ~ c . ~  r ~ f  I-SIl'I<, 
rcficliing f0.00fi f i t  :I \'S\\-T< of 
a n d  +0.03 a t  s VS1'1711 r d '  1.22. 

Figure 4, 
VSWR from 

DNT-3 Detector. 

Chmt for dekrrnlning 
detsctor mutput madings. 
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